TRIALS OF AN UNDERWATER ARCHAEOLOGIST (Continued from page 9)
2,OOO bicycle spokes for a single wreck
Every two and a half minutes, on a given radio signal, each transit operator radioed the bearings he was reading at that moment on the mast of the boat, and these bearings were used by a fourth student, on board, who plotted each position of the boat and, therefore, the course of the search. Thus it was possible to return, directed by radio messages from the transit operators, to the same spot again and again.
In this manner, we found three wrecks nearly 300 feet deep in a few days. It is impossible, for physiological reasons, to work so deep breathing compressed air, and we do not yet have the equipment or expertise to dive with the required mixture of helium and oxygen. When we do, however, we should approach these wrecks in the same way as we have approached those previously excavated.
I O begin the detailed records and plans which must follow each stage of an excavation, a site should be first measured and photographed. Normally the cargo, if of wine jars or stone blocks, will need to be cleaned of sea growth with scrubbing brushes to allow more detailed mapping.
Much of the cargo and all of the preserved wood of the ship, however, will still lie invisible beneath sand or mud, unless the wreck lies on bare rock (which immediately indicates that little or none of its wooden hull will have been protected from shipworms). Metal detectors and diver-operated core-samplers can often determine the extent of the wreck under the sand, as can simple metal probes; a proton magnetometer will, additionally, show deposits of iron.
Once the size and orientation of a wreck is known, it is a good idea to bgild a rigid, level frame or grid over the, entire site, dividing it Into two-metre squares. This should be as close above the wreck as possible, held up on legs; it can accomodate slopes and mounds by being stepped. It can be made of angle-iron and pipe, or, in order to avoid attracting metal detectors, of plastic irrigation tubing.
This "scaffolding" serves a variety of purposes. Pairs of excavators can be assigned to specific squares, identified by numbers and letters, to which they can return again and again, thus ensuring continuity of effort. Divers can also lie across the framework while excavating, keeping their knees and fins away from fragile remains. Lastly, and this was its original purpose, the frame proves an aid in mapping, either as support for photo-
graphic towers or as a reference for artists.
We now retain our framework mainly for the first two reasons, since we have found a faster method of mapping than with photo towers. We float a bar horizontally about 15 feet above part of the site (the ends of the bar are buoyed by air-filled oil tins, and kept level by wires running to concrete blocks below). On the bar are a series of marks an equal distance apart. We hang a special camera on gimbals from the bar so that it points straight down, and then slide it along the bar, taking a picture at each of the marks.
Each two photographs forms a stereo pair, allowing us to view the wreck in three dimensions. Further, knowing the focal length of the camera, we can use these pairs to make accurate three-Dimensional maps of the site by aerial survey techniques. This requires a specially ground tens for our camera, various measured controls on the sea bed, stereoscopic mapping equipment on land, and a knowledge of aerial mapping techniques, but the method proves remarkably efficient since it requires a minimum of diving time. A more sophisticated version of the method entails taking the photographs with a pair of cameras mounted on the bow of our two-man submarine.
Once objects have been mapped in their original positions, essential for the eventual reconstruction of the ship, they may be removed and taken to the surface. Commercial lifting balloons of plastic or rubberized canvas, filled with air on the sea bed from an air hose or tank, easily raise to the surface baskets or trays of artifacts weighing many pounds or even tons. Once on the surface, objects may be towed ashore or winched onto a boat.
After the visible cargo has been thus mapped and removed, it is time to dig through the sand or mud into the next layer. For this—picks and shovels being impractical under water —a suction tube, called an air-lift, may be used.
This is very easily made: tie a concrete block to around 30 feet of PVC irrigation pipe four to six Inches in diameter (this plastic tubing is manufactured in every Mediterranean country I have visited). Stick the lower end of an air hose, supplied with air from a compressor on a boat or barge on the surface, into one end of the tube and give the other end an upward shove. The air inside the tube will then rush toward this raised end, floating the entire tube into a nearly vertical position; the correct length of rope between the tube and the concrete block, however, will keep the tube at an angle so that sand and mud sucked up through it will fall away from the excavation area. The suction
is caused by the rush of expanding air going up the pipe.
Heavy air-lifts of metal, reinforced rubber, or thick plastic used by us, and most underwater archaeologists in the past, are completely unnecessary and impractical. Catch baskets, which filter out sand but trap small artifacts inadvertently sucked up by the air-lift, may be attached to the top of the tube, but this creates problems of balance.
Wood remains are best excavated by hand, with the air-lift held just above to suck away the cloud of obscuring mud which occurs during excavation. To keep pieces of wood in their exact positions until accurately plotted, sharpened bicycle spokes can be driven through them into the sea bed, holding the soft wood in place (we have used over 2,000 spokes on a single wreck). Wood fragments, as well as all artifacts, should be labelled with numbered plastic tags so that once raised to the surface they can be matched with underwater photographs and drawings.
^^LL of the work described will require a good number of divers. The complete excavation of a modest-size shipwreck about 65 feet long, we have found in two instances, takes about 1,200 man-hours on the sea bed; and each of our divers can dive normally less than an hour per day, in two dives. An excavation is obviously not something which can be done by two divers on spare weekends, although this is too commonly believed by some amateur divers.
We dive from a 50-foot-long flat barge, which holds all of our equipment as well as up to two dozen divers. These always work in pairs, for safety, and use either Scuba breathing apparatus (using compressed-air tanks) or, especially for longer dives, hookah or narghile equipment (using hoses from surface-based compressors). With the latter method, the diver always wears a small tank with its own regulator for emergency. Additionally, we leave extra tanks and regulators at convenient positions on the wreck.
Perhaps our most useful safety device was actually designed to facilitate communications between divers, and between divers and surface colleagues. This is our "telephone booth", a plexiglas hemisphere four feet in diameter, on four iron legs which keep the top of the transparent dome about six feet high.
Fresh    air   is    constantly    pumped  4 r through a hose from the surface to  1 !j this plastic bubble, which also contains a telephone connected to the diving barge.   At a depth of 140 feet, it is
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